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1 . 0   INTRODUCTION 

This  document  presents  the  closure  plan  for  the  Conoco 
Billings  Refinery  South  Oily  Sludge  Storage  Pit  (SOSP)  site 
pursuant  to  requirements  of  40  CFR  Part  265.  The  pits 
constructed  on  the  SOSP  site  were  once  used  to  temporarily 
store  wastes  generated  in  the  Conoco  Billings  Refinery 
wastewater  treatment  process  before  disposal.  In  1982,  all 
wastes  were  removed  from  the  pits  and  transported  to  the 
Conoco  Hazardous  Waste  Land  Treatment  Unit  and  the  pits  were 
backfilled. 

1.1  Site  Location 

Conoco 's  Billings  refinery  facility  covers  approximately  156 
acres  of  the  northwest  1/4  of  Section  2,  Township  1  South, 
Range  26  East,  in  Yellowstone  County,  Montana.  The  refinery 
is  situated  on  the  southeast  boundary  of  the  City  of 
Billings,  Montana.  The  surveyed  boundaries  of  the  site 
encompass  approximately  3  acres  in  the  south  central 
refinery  property.   Figure  1  illustrates  SOSP  site  location. 

1.2  Survey  Plat 

A  survey  plat,  a  declaration  of  restrictions,  and  a  record 
of  the  type,  location  and  quantity  of  wastes  temporarily 
stored  at  the  SOSP  site  has  been  filed  with  the  City-County 
Planning  Board,  the  Clerk  and  Recorder  of  Yellowstone 
County,  and  the  Regional  Administrator  of  the  Environmental 
Protection  Agency  in  Denver  Colorado. 

1 . 3  Maximum  Waste  Inventory 

The  documents  referenced  in  Section  1.2  list  a  maximum  waste 
inventory  of: 

Three  Thousand  (3,000)  tons  total  liquid  weight  of 
K051-API  sludge  were  cumulatively,  temporarily  stored 
at  the  area  shown  on  the  survey  plat. 

Two  Thousand  (2,000)  tons  total  liquid  weight  of 
K048-DAF  waste  were  cumulatively,  temporarily  stored  at 
the  area  shown  on  the  survey  plat. 
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2.0   INVESTIGATION  RESULTS 

Ground  Water  and  unsaturated  zone  soil  samples  have  been 
collected  in  the  SOSP  site  area  in  several  previous  sampling 
events . 

2 . 1  Ground  Water  Sampling  Results 

Results  of  previous  ground  water  sampling  and  analysis 
events  are  presented  in: 

o  Conoco  SOSP  Site  Pre-Closure  Data  Review  and 
Analysis,  LSE,  Inc.,  March  29,  1989. 

o  RCRA  Ground  Water  Sampling  and  Assessment 
Sampling,  Conoco  Billings  Refinery,  May,  1989, 
LSE,  Inc.,  June  16,  1989, 

o  RCRA  Ground  Water  Sampling  and  Assessment 
Sampling,  Conoco  Billings  Refinery,  April,  1989, 
LSE,  Inc. ,  May  12,  1989. 

These  documents  have  been  previously  submitted  to  the 
Montana  Department  of  Health  and  Environmental  Sciences 
(MDHES) . 

2.2  Unsaturated  Zone  Soils  Sampling  Results 

Results  of  previous  unsaturated  zone  soils  sampling  events 
are  presented  in: 

o     Conoco   SOSP   Site   Pre-Closure   Data   Review   and 


Analv 
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LSE, 

Inc 

. ,  March  29, 

1989. 

SOSP 

Site 

Closure 

Investigation,  Unsaturated 

Zone 

Soil 

Samp] 

-ing 

Prog 

ram,   Conoco 

Billings 

Refinery, 

June,  1989,  LSE,  Inc.,  July  21,  1989. 

These   documents   have   been   previously   submitted   to   the 
Montana  Department   of   Health   and   Environmental   Sciences 
(MDHES) . 
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3.0   CLOSURE  PLAN 

3.1  Closure  Performance  Standard 

This  plan  has  been  written  to  ensure  closure  of  the  SOSP 
site  is  performed  in  a  manner  that: 

a)  Minimizes  the  need  for  further  maintenance,  and 

b)  Controls,  minimizes  or  eliminates  to  the  extent 
necessary  to  protect  human  health  and  the 
environment,  post-closure  escape  of  hazardous 
wastes,  hazardous  constituents,  leachate, 
contaminated  run-off,  or  hazardous  waste 
decomposition  products  to  the  ground  or  surface 
waters  or  to  the  atmosphere,  and 

c)  Complies  with  the  closure  requirements  of  40  CFR 
Part  265  Subpart  G. 

3.2  Closure  as  a  Landfill 

The  SOSP  site  will  be  closed  as  a  landfill,  with  waste 
residues  and  underlying  and  surrounding  impacted  soils  left 
in  place.  Therefore  post-closure  care  for  a  landfill  will 
be  provided  in  accordance  with  40  CFR  265  subpart  G. 
Compliance  with  265.310,  technical  requirements  for  landfill 
covers,  and  Subpart  F,  groundwater  monitoring  requirements, 
will  also  be  addressed. 

3.3  Description  of  How  Unit  Will  be  Closed 

The  area  will  be  closed  by  construction  of  an  asphalt  cover. 
The  cover  has  been  designed  to: 

1)  Provide  long-term  minimization  of  migration  of 
liquids  through  the  closed  waste  unit; 

2)  Function  with  a  minimum  of  maintenance; 

3)  Promote  drainage  of  the  cover; 

4)  Accommodate  settling  and  subsidence  so  that  the 
cover's  integrity  is  maintained;  and 

5)  Have  a  permeability  less  than  or  equal  to  the 
natural  subsoils  present. 

Cover  Construction  details  are  discussed  in  Section  3.5. 
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predicted  to  be  below  detection  limits  after  31  years  of 
simulations.  Oil  and  grease  content  in  soils  was  predicted 
to  decrease  to  values  between  0.099  and  1.9  mg/Kg  over  the 
simulation  period.  Computer  modeling  results  are  included 
in  Attachment  A. 

3.4.3      Migration  Modeling  Summary 

Results  of  the  VIP  model  have  indicated,  given  the 
laboratory  determined  concentrations  of  waste  constituents 
in  SOSP  site  soils  and  site  specific  soils  and  phyisographic 
data,  that  waste  constituents  will  not  migrate  from  the  SOSP 
site  and  waste  constituents  will  degrade  to  below  detection 
limits  before  the  end  of  the  post-closure  period. 

3.5  Cover  Construction 

The  asphalt  cover  will  be  placed  over  approximately  117,100 
square  feet  (SF)  of  the  SOSP  site.  The  asphalt  cover  has 
been  designed  to  meet  the  requirements  listed  in  Section  3.3 
and  the  following  criteria: 

1)  Stabilization  of  the  subgrade; 

2)  Reduction  of  frost  damage  by  subsurface  moisture; 

3)  Prevention  of  accumulations  of  water  and  ice   with 
adequate  drainage. 

To  construct  the  cover,  native  on-site  materials  will  be 
graded  to  slope  and  compacted  to  serve  as  the  subgrade,  and 
a  minimum  of  4  inches  of  asphalt  will  be  placed  over  the 
subgrade. 

The  asphalt  cover  area  will  be  sloped  to  drain  to  the 
northeast,  as  indicated  in  Figure  2. 

The  permeability  of  the  asphalt  cover  is  by  design  less  than 
the  underlying  SOSP  materials. 

3 . 6  Equipment  Decontamination 

Equipment  which  contacts  waste  materials  or  waste 
constituents  during  construction  of  the  covers  will  be 
pressure  washed.  The  decontamination  area  will  be  located 
on  a  cement  pad  adjacent  to  the  Olympic  wastewater  treatment 
pond.  Wash  water  from  from  the  high  pressure  wash  will  be 
incorporated  into  the  refinery  wastewater  treatment  system. 

3.7  Vehicle  Access  Restrictions 

Vehicles  which  may  damage  the  asphalt  cover  or  otherwise 
exceed  the  design  criteria  of  the  asphalt  cover  will  not  be 
allowed  access. 
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3.8  Other  Closure  Activities 

3.8.1  Ground-Water  Monitoring 

Quarterly  ground  water  sample  collection  and  analysis  will 
continue  through  the  closure  period  following  established 
monitoring  and  MDHES  review  practices. 

3.8.2  Run-on  and  Run-off  control 

Surface  water  run-on  to  the  asphalt  cover  areas  is  not 
anticipated  due  to  the  low  relief  of  the  site  and 
surrounding  areas  and  the  proximity  to  the  existing  refinery 
stormwater  collection  system. 

Run-off  control  has  been  discussed  in  Section  3.5. 

3.9  Certification  of  Closure 

Within  60  days  of  completion  of  closure  activities  a 
certification  signed  by  an  independent  professional  engineer 
and  the  refinery  manager  stating  that  the  SOSP  site  was 
closed  in  accordance  with  the  closure  plan  will  be  submitted 
to  MDHES  and  the  Regional  Administrator  of  the  EPA  by 
registered  mail. 

Documentation  supporting  the  independent  registered 
engineer's  certification  will  be  maintained  on  file  at  the 
Billings  Refinery  and  be  made  available  to  MDHES  and  the 
Regional  Administrator  upon  request. 

3.10  Copies  of  Closure  Plan 

Copies  of  the  closure  plan  will  be  available  from  the 
following  refinery  personnel  until  closure  is  complete: 

1.  Refinery  Manager  -  one  copy 

2.  Process  Superintendent  -  one  copy 

3.  Environmental   Coordinator    -    original    and 
additional  copies  as  requested. 

If  amendments  to  the  closure  plan  are  made  before  or  during 
the  closure  period  the  Refinery  Environmental  Coordinator 
will  update  all  copies  of  the  plan. 
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4.0   Closure  Schedule  and  Cost  Estimate 

4.1  Closure  Schedule 

The  closure  schedule  is  presented  graphically  in  Figure  3. 
Closure  activities  are  scheduled  to  begin  June  1,  1990  and 
be  completed  by  July  31,  1990. 

4.1.1  Notification  of  Closure 

The  closure  plan  shall  be  submitted  to  MDHES  by  September  1, 
1989,  at  least  180  days  prior  to  beginning  closure  of  the 
SOSP  site.  The  approved  closure  plan  will  be  submitted  to 
I'lDHES  at  least  60  days  prior  to  beginning  closure  of  the 
SOSP  site. 

4.1.2  Time  Allowed  for  Closure 

Provisions  of  40  CFR  Part  265.113(a)  allow  90  days  after 
approval  of  the  closure  plan  for  treatment,  removal,  or 
on-site  disposal  of  all  hazardous  wastes.  This  condition 
has  been  met. 

Provisions  of  40  CFR  265.133(b)  allow  180  days  for 
completion  of  closure  activities  after  approval  of  the 
closure  plan  unless  it  has  been  demonstrated  that  the 
closure  activities  will,  of  necessity,  take  longer  than  180 
days  to  complete.  Approval  of  the  closure  plan  is 
anticipated  during  September,  1989.  Due  to  seasonal  weather 
limitations,  closure  activities  are  scheduled  to  begin  June 
1,  1990  and  be  completed  July  31,  1990.  Therefore  it  will 
be  necessary  for  an  extension  be  to  granted  for  completion 
of  closure  activities. 

4.2  Closure  Cost  Estimate 

The  closure  cost  estimate,  prepared  at  the  time  of  closure 
plan  submittal,  is  as  follows: 

Closure  Cost  Estimate 

Asphalt  Cover 

Subsurface  Preparation   40  hrs  @  52.50/hr  2,100 

Asphalt  Cover  13,010  SY  @  4.00/SY  52,040 

TOTAL      $  5  4,140 


4.3   Closure  Financial  Assurance 

Conoco,  Inc.  has  a  corporate  financial  guarantee  document 
for  closure  activities  on  file  with  the  MDHES.  This 
document  is  updated  annually. 
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1.0  INTRODUCTION 

Successful  closure  of  the  South  Oily  Sludge  Pit  (SOSP)  site 
at  the  Conoco  Billings  Refinery  depends  on  accurately 
assessing  the  mobility  of  waste  constituents  identified  in 
SOSP  soil  samples.  The  environmental  fate  of  waste 
constituents  present  in  SOSP  soils  will  be  used  to  determine 
final  soil  disposition  and  closure  activities  at  the  site. 

An  evaluation  of  waste  constituent  mobility  in  SOSP  soils 
was  conducted  using  the  Vadose  Interactive  Process  (VIP) 
computer  code.  The  VIP  (formerly  Regulatory  Investigative 
and  Treatment  Zone;  RITZ-E)  model  has  been  successfully  used 
to  assess  waste  mobility  at  a  number  of  field  sites  (Lupo  et 
al,  1989;  Sims  et  al,  1988). 


2.0  MODEL  DESCRIPTION 

Short  (1986)  presented  the  Regulatory  and  Investigative 
Treatment  Zone  (RITZ)  model,  for  use  in  banning  specific 
hazardous  wastes  from  land  treatment.  This  unsaturated  zone 
model  is  based  on  the  approach  developed  by  Jury  et  al 
(1983)  for  simulating  the  fate  of  trace  levels  of  pesticides 
in  soils.  The  RITZ  m.odel  was  expanded  at  Utah  State 
University  (RITZ-E  model)  to  incorporate  features  which  have 
increased  its  utility  for  evaluation  of  land  treatment 
systems  (U.S.  EPA,  1986)  and  waste  management  closure 
options  (Sims  et  al,  1988). 

The  latest  version  of  the  RITZ-E  model,  the  VIP  m.odel,  can 
provide  a  quantitative  description  of  constituent 
concentration  with  depth.  In  addition,  the  VIP  model 
includes  a  number  of  enhancements  such  as  unsteady  flow  and 
time  variable  decay  transport/partition  coefficients.  A 
detailed  description  of  the  Utah  State  University  VIP  model 
is  provided  in  the  Permit  Guidance  Manual  on  Hazardous  V7aste 
Land  Treatment  Demonstrations,  Final  Draft  (U.S.  EPA,  1986) 
in  Chapter  4,  "Predictive  Tool  for  Land  Treatment- 
Demonstrations"  and  Appendix  C,  "Information  Concerning  the 
HWLT  Mathematical  Model",  in  VIP:  A  Model  for  the  Evaluation 
of  Hazardous  Substances  in  the  Soil  (Stevens  et  al,  1988), 
and  in  "A  Mathematical  Model  for  the  Fate  of  Hazardous 
Substances  in  Soil:  Model  Description  and  Experimental 
Results"  (Grenney  et  al,  1987)  . 

The  model  simulates  a  one-meter  square  soil  column  with  the 
depth  of  the  lower  boundary  specified  by  the  user.  The 
column  consists  of  a  plow  zone  (Zone  of  Incorporation;  ZOI) 
and  a  Lower  Treatment  Zone  (LTZ) .  The  soil  environment 
within  the  column  is  made  up  of  four  phases:  soil  grains, 
pore  water,  pore  air,  and  pore  oil.  All  phases  are  required 
in  order  to  accurately  simulate  phase/  constituent 
interactions  and  constituent   degradation  while   maintaining 


an  accurate  mass  balance.  Characteristics  of  the  soil 
environment  may  change  with  depth  and/or  time. 

A  waste  constituent  is  acted  upon  by  the  transport  and 
degradation  mechanisms  accounted  for  in  the  model,  and  its 
environmental  fate  is  calculated  at  user-specified 
intervals.  The  constituent  may  migrate  from  one  phase  to 
another  during  the  course  of  the  model  simulation. 
Constituent  breakthrough  occurs  when  a  pre-determined 
concentration  level  is  exceeded  at  the  user-specified  lower 
boundary  of  the  soil  column. 


2.1    Constituent  Transport 

Once  applied  to  the  land  and  mixed  into  the  plow  zone,  a 
constituent  may  be  mobilized  by  three  mechanisms:  migration 
between  phases,  dispersion,  and  advection. 

When  two  or  more  phases  are  in  contact,  the  constituent  will 
tend  to  migrate  between  the  phases.  This  condition  is 
described  by  partition  coefficients  determined  from 
literature  data,  laboratory  experiments,  field  sampling, 
and/or  appropriate  parameter  estimation  methods.  The  upper 
soil  zone  is  assumed  to  contain  all  four  phases  and  the 
constituents  migrate  among  them  to  maintain  equilibrium.  In 
addition,  the  oil  phase  is  assumed  to  decay  according  to 
first-order  kinetics  and  releases  its  contents  to  the  other 
three  phases. 

Chemical  concentration  gradients  drive  transport  within  a 
phase  from  regions  of  high  concentration  to  regions  of  low 
concentration.  Dispersive  transport  is  caused  by  molecular 
diffusion  within  the  phase. 

If  a  phase,  such  as  soil-water,  soil-air,  or  oil  moves 
through  the  soil  column,  it  will  transport  partitioned 
constituents  along  with  it.  In  the  VIP  model,  the  water 
phase  and  its  dissolved  constituents  are  advected  at  an 
average  soil  pore  water  velocity.  This  velocity  is 
calculated  from  the  site  infiltration  rate  (VWPRIME)  and  the 
site  soil  type  which  is  characterized  by  the  porosity  (PHI), 
the  bulk  density  (ROES) ,  and  the  soil  moisture  coefficient 
(SMLB) .  The  governing  velocity  equation,  describing 
constituent  transport  by  advection,  was  presented  by 
Campbell  (1974).  Characteristic  values  for  soil  moisture 
coefficient  were  presented  by  Clapp  and  Hornberger  (1978). 

Campbell's  equation  relates  moisture  content  (THETAW)  and 
porosity  (PHI)  to  the  site  infiltration  rate  (VWPRIME)  using 
a  power  function. 

VWPRIME  -  (THETAW/PHI)  ^*^^^^'^-^ 
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This  equation  was  rearranged  to  determine  the  water  content. 

THETAW  =  PHI  *  (VWPRIME)  ^^  ^^*^'^^^"^^^ 

Finally,  the  average  soil  pore  water  velocity  (V)  is  given 
by  the  following  equation: 

V  =  VWPRIME  /  THETAW 

The  movement  of  the  constituent  is  retarded  via  adsorption 
by  other  less  mobile  phases  with  which  it  contacts  along  its 
migration  pathway  through  the  soil  column. 


2.2    Constituent  Degradation 

Waste  constituents  may  be  degraded  or  transformed  by 
biochemical  processes  which  are  represented  in  the  model  by 
first-order  rate  kinetics.  Abiotic  degradation  is  not 
considered  separately  in  the  model  but  is  accounted  for  in 
an  overall  degradation  rate  which  assumes  first-order 
kinetics.  Different  rate  coefficient  values  may  be  assigned 
to  different  phases  and  to  different  depths  within  the  soil 
column. 


3.0  MODEL  INPUT  PARAMETERS 


Data  were  utilized  from  a  number  of  sources  to  develop  a 
data  base  for  site-specific  unsaturated  zone  modeling  at  the 
Conoco  Billings  Refinery  SOSP  site.  Specific  input 
parameters  used  for  the  SOSP  simulations  are  described  in 
the  sections  below. 

Three  waste  constituents  were  chosen  as  indicator  compounds 
for  the  simulations.  Benzene,  phenanthrene,  and  phenol  were 
chosen  as  the  three  indicator  compounds.  These  compounds 
bracket  the  range  of  solubilities  and  degradation  rates 
found  in  volatile  and  semi-volatile  compounds  from  petroleum 
refining  wastes. 


3.1    Soil  Properties 

Soil  characteristics  which  are  required  as  input  to  the   VIP 
model  include: 

o  Saturated  Hydraulic  Conductivity  (SHC) ; 

O  Porosity  (PHI) ; 

o  Bulk  Density  (ROES) ;  and 

o  Soil  moisture  coefficient  (SMLB) . 
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On-site  soils  evaluations  indicate  treatment  zone  soils 
consist  predominantly  of  clayey  silts  underlain  by  sandy 
gravels . 

Saturated  hydraulic  conductivity  (SHC) ,  bulk  density  (ROES) , 
and  porosity  (PKI)  values  from  the  SOSP  site  were  calculated 
as  a  part  of  SOSP  Closure  Investigation.  In-situ  saturated 
hydraulic  conductivities  of  SOSP  soils  were  measured  with  a 
Guelph  Permeamter.  Dry  densities  were  determined  from  soil 
cores  collected  at  this  same  time.  Soil  porosity  was 
estimated  using  the  following  relationship: 

Porosity  =  1  -  (Bulk  Density/Particle  Density) 

A  particle  density  of  2.65  g/cm3  was  assumed  during  these 
calculations . 

A  mean  Saturated  Hydraulic  Conductivity  (SHC)  of  SOSP  soils 
was  calculated  as  5E-04  cm/sec.  However,  SHC  was  set  equal 
to  1.0  during  all  simulations  in  order  to  control  flow 
through  the  system  by  recharge.  A  mean  bulk  density  value 
of  1.57  g/cm"3  was  used  during  the  unsaturated  zone 
simulations.  A  mean  porosity  of  0.41  was  calculated  for  the 
SOSP  soils  based  on  dry  density  values.  SMLB  values  were 
compiled  from  Clapp  &  Hornberger  (1978).  A  mean  SMLB  value 
of  5.31  was  used  during  all  simulations. 

Waste  constituent  concentrations  and  Total  Petroleum 
Hydrocarbon  (TPH)  concentrations  were  averaged  at  each 
respective  depth  and  input  into  the  VIP  model  as  initial 
soil  conditions.  The  detection  limit  (DETECT)  was  set  to 
five  parts  per  billion  (ppb)  for  benzene  and  50  ppb  for 
phenanthrene  and  phenol.  These  concentrations  represent  the 
lower  limits  of  detection  for  waste  constituents  in  the 
water  phase.  Soil  detection  limits  for  these  waste 
constituents  are  generally  much  higher.  However,  five  parts 
per  billion  is  the  practical  quantitation  limit  (PQL)  for 
volatile  organics  as  indicated  in  EPA  Method  8020  (EPA, 
1986)  . 


3.2    Waste  Properties 

Most  bulk  waste  properties  (i.e,  waste  constituent 
concentration,  weight  fraction  of  oil,  weight  fraction  of 
water,  density  of  waste,  etc)  necessary  for  simulating 
active  waste  application  in  the  land  treatment  environment 
are  not  pertinent  to  the  SOSP  waste-constituent  mobility 
simulations.  The  only  waste  property  pertinent  to  these 
simulations  is  oil  density.  Oil  density  was  set  to  0.80 
g/cm3,  the  default  value  in  the  VIP  User  Manual  (Stevens  et 
al,  1988).  All  other  waste  properties  were  set  equal  to 
zero. 


3.3  Physiographic  Data 

Physiographic  data  was  compiled  from  climatic  data  measured 
at  either  the  Billings  Airport  or  the  Montana  Southern 
Agricultural  Experiment  Station  in  Huntley,  Montana.  The 
NOAA  climatological  station  at  Huntley  is  at  a  similar 
elevation  with  like  soils  and  is  located  approximately  ten 
miles  east-southeast  of  the  Conoco  Billings  Refinery.  A 
summary  of  pertinent  climatological  data  is  presented  in 
Figure  A. 1  of  Appendix  A. 

Soil  temperatures  in  the  plow  zone  (TEMP  IN  PZ)  and  in  the 
lower  treatment  zone  (TEMP  IN  LZ)  were  taken  from  soil 
temperature  data  recorded  at  the  Huntley  NOAA  Station.  TEMP 
IN  PZ  values  represent  temperatures  collected  from  a  depth 
of  two  inches  at  the  Huntley  site.  TEMP  IN  LZ  values 
represent  temperatures  collected  from  the  20-inch  depth  at 
the  Huntley  NOAA  Station. 

Net  recharge  rates  (VWPRIME)  were  based  on  a  Billings  area 
hydrologic  balance.  Due  to  frozen  or  near  frozen  surface 
soil  conditions,  net  recharge  for  January,  February,  and 
December  was  set  to  an  extremely  small  value  (l.OOE-06 
m/day) .  Net  recharge  for  March,  April,  May,  June, 
September,  October,  and  November  was  set  equal  to  the 
20-year  average  precipitation  during  these  m.onths.  The  net 
recharge  during  July  and  August  was  set  equal  to  one-half 
the  20-year  precipitation  values  due  to  high  evaporation 
during  these  months. 

The  van't  Kof f-Arrhenius  coefficient  (TEMP  FACTOR)  was 
determined  based  on  data  reported  for  activated  sludge 
treatment  systems.  Typical  values  for  the  temperature 
factor  range  from  a  low  of  1.02  to  a  high  of  1.12  (Clark  and 
Hammer,  1977).  The  van't  Hof f-Arrhenius  coefficient  was  set 
equal  to  1.07,  which  represents  a  doubling  of  reaction  rates 
with  each  10   C  increase  in  temperature. 

3.4  Design  and  Operational  Factors 

Design  variables  for  land  treatment  facilities  (i.e.,  waste 
loading  rates,  application  period,  application  frequency, 
etc)  are  not  pertinent  to  these  waste  mobility  simulations. 
The  depth  of  interest  was  set  at  6  feet  (1.8288  m)  to 
coincide  with  the  top  of  the  uppermost  aquifer  underneath 
the  SOSP  site.  A  one-foot  thick  upper  soil  zone  (PZ)  was 
configured  to  allow  simulation  of  a  more  active  upper  soil 
zone  underlain  by  a  less  biologically  active  lower  soil 
zone.   All  other  design  variables  were  set  equal  to  zero. 

The  total  simulation  time  (TOT  TIME)  was  set  equal  to  31 
years.   The  31-year  simulation   time  represents  one  year   of 


closure  activities  followed  by  30  years  of  post-closure 
monitoring. 

3.5    Biodegradation  Factors 

First  order  degradation  rates  for  organic  waste  constituents 
in  SOSP  soils  were  derived  from  literature  compilation  of 
degradation  rates  in  similar  soil  environments.  Degradation 
rates  are  summarized  in  Table  A.l  in  Appendix  A.  Oil  and 
grease  degradation  rates  were  calculated  based  on  petroleum 
refining  waste  leadings,  and  soil  sampling  results  at  the 
Conoco  Hazardous  Waste  Land  Treatment  (KWLT)  Unit.  The  mean 
oil  and  grease  degradation  rate  at  the  HWLT  Unit  was 
calculated  as  1.46E-03  per  day  (1.3  year  half  life). 
However,  an  oil  and  grease  degradation  rate  (Ho)  of  6.30E-04 
per  day  (3  year  half  life)  was  used  in  simulations  to 
provide  a  conservative  estimate  of  oil  and  grease 
degradation  in  the  lower  soil  profile. 

Degradation  rates  in  the  oil  phase  (RMUOPZ)  and  water  phase 
(RMUWPZ)  were  set  equal  to  the  degradation  rate  of  the  waste 
constituent  in  the  soil  phase  (RMUSPZ).  This  approach  was 
dictated  by  available  literature  in  which  a  gross  soil  less 
rate  is  presented  without  separation  into  discrete  phases. 
Waste  constituent  degradation  in  the  soil,  oil,  and  water 
phases  below  the  first  foot  of  soil  (RMUSLZ,  RMUOLZ,  and 
RMUWLZ)  were  assumed  equal  to  one-tenth  the  mean  waste 
constituent  degradation  rate.  This  approach  accounts  for 
decreased  microbial  activity  in  lower  soil  zones  and  serves 
as  a  conservative  estimate  of  degradation  in  lower  soil 
zones . 

Waste  constituent  degradation  was  assumed  not  to  occur  in 
the  unsaturated  air  phase  of  the  soil  system  ( RMUAP Z , RMUAL Z 
=  0).  Literature  data  addressing  degradation  of  organic 
compounds  in  the  unsaturated  air  phase  cannot  be  quantified 
at  this  time.  Assuming  zero  degradation  in  this  phase 
serves  as  a  conservative  estimate  of  waste  constituent  fate 
in  this  media. 


3.6    Immobilization  Information 

Distribution  coefficients  (RKSWPZ,  RKSWLZ)  for  waste 
constituent/  soil  interactions  were  calculated  from 
site-specific  soils  data  (i.e.  Total  Organic  Carbon  values) 
and  constituent  specific  organic-carbon  partition 
coefficients.  Constituent  specific  organic  carbon  partition 
coefficients,  oil/water  (RKOWPZ,  RKOWLZ)  and  air/water 
(RKAWPZ,  RKAWLZ)  partition  coefficient  data  derived  from 
published  studies  are  contained  in  Appendix  A. 


Adsorption  and  desorption  of  waste  constituents  was  assumed 
to  be  in  a  state  of  instantaneous  equilibrium  between  phases 
during  all  simulations.  This  equilibrium  condition  was 
simulated  by  setting  respective  adsorption/desorption  rates 
(RWS,  RWO,  and  RWA)  equal  to  a  value  of  1000.  Use  of  a 
adsorption/desorption  rate  value  of  1000  is  the  default 
representation  of  local  equilibrium  conditions  as  presented 
in  the  VIP  User  Manual  (Stevens  et  al,  1988) . 

The  volatilized  mass  of  the  applied  waste  constituent  was 
approximated  using  an  uncorrected  decay  rate  in  the  upper 
soil  zone  rather  than  estimating  air-phase  dispersion 
coefficients  (DA)  and  advective  velocities  (VA) .  Using  this 
approach,  it  was  necessary  to  set  the  air-phase  dispersion 
coefficient  (DA)  and  advective  velocity  (VA)  equal  to  zero. 


4.0  SIMULATION  RESULTS 

The  results  of  simulations  of  the  environmental  fate  of 
waste  constituents  in  SOSP  soils,  using  the  VIP  code,  are 
contained  in  Appendix  C. 

Results  of  the  VIP  simulations  indicated,  given  laboratory 
determined  waste  constituent  concentrations  in  SOSP  soils 
and  site-specifc  soils  and  physiographic  data,  that  waste 
constituents  will  not  migrate  from  the  SOSP  site.  Based  on 
literature-derived  degradation  rates  and  calculated  phase 
partitioning  coefficients,  degradation  of  waste  constituents 
to  below  detection  limits  was  predicted  over  the  31  year 
simulation  period.  Oil  and  grease  content  in  soils  was 
predicted  to  decrease  to  values  between  0.099  and  1.9  mg/Kg 
over  the  simulated  31-year  period. 
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APPENDIX  A 

SOSP  WASTE  MOBILITY  MODELING 
INPUT  DATA 


^4» 


DEGRADATION  AND  PARTITIONING  DATA 
FOR  SOSP  WASTE  MOBILITY  MODELING 


DEGRADATION  RATES 


CONSTITUENT 


DECAY  RATE,  k  (per  ciay) 

RANGE 
MEAN       MINIMUM        MAXIMUM 


MEAN 
HALF-LIFE 
tl/2  (days; 


Benzene 

Phenanthrene 
Phenol 


4.21E-01  1.40E-02  7.20E-01 
2.50E-02  l.OOE-03  3 . 20E-02 
2.28E+00    6.65E-01      3 . 89E+G0 


26  .  70 

362 . 00 

1  .42 


OIL/WATER  PARTITIONING  COEFFICIENTS 


CONSTITUENT 


MEAN 


S.D, 


N 


RANGE 
MINIMUM       MAXIMUM 


Benzene 

3 

.70E-02 

2.74E-02 

8 

1 

.33E-02 

8.94E-02 

Phenanthrene 

2 

11E-04 

1 .86E-04 

6 

4 

57E-04 

1 .95E-03 

Phenol 

2 

05E-01 

(1) 

2 

05E-01 

2 .05E-01 

1)  Statistical  Analysis  not  valid  on  sample  population  of  2  or  less 


AIR/WATER  PARTITIONING  COEFFICIENT 


CONSTITUENT 


MEAN 


S.D, 


N 


RANGE 
MINIMUM        MAXIMUM 


Benzene 

1 

.78E-01 

8.31E-02 

13 

4 

. 40E-03 

2 

.40E-G1 

Phenanthrene 

3 

00E-03 

2 . 40E-03 

6 

4 

00E-05 

6 

00E-03 

Phenol 

2 

51E-07 

(1) 

1 

2 

51E-07 

2 

51E-07 

SOIL/WATER  PARTITIONING  COEFFICIENT 


CONSTITUENT 

UPPER  SOIL  ZONE 
MEAN         S.D. 

(2) 

N 

LOWER 
MEAN 

SOIL  ZONE  (3) 
S.D. 

Benzene 

Phenanthrene 

Phenol 

1 . 37E-03 
1 . 21E-01 
1.63E-02 

2.21E- 
4.86E- 
8.08E- 

-03 
-02 
-03 

13 

6 

5 

5 
4 
6 

63E-04 
.98E-02 

72E-03 

9 .08E-04 
1 . 24E-01 
1 .35E-02 

(2)  K  =  Koc  * 

foe:  foe  = 

0.029 

(3) 

K  = 

Koc 

* 

foe:  foe  = 

0.0135 

NORMALS.   MEANS,  AND   EXTREMES 

BILLINGS.  MONTANA 


LAIIIUOE:   J5°18'N     L.ONGI.IUOE :  in8°32' 

W    ELEVATION 

:  FT.  GRNO   35b7  8AR0 

3583 

TIME 

ZONE   MOUNTAIN 

WBAN:  24033 

la 

JAN 

FEB 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

SEP 

OCT 

NOV 

DEC 

YEAR 

TEMPERATURE  °F : 

NormaU 

-Oa  t  1 V  Max  ■ mum 

29  3 

37  8 

44  0 

55  8 

bb  4 

7b  3 

8b  b 

84  3 

72.3 

bl  0 

44  4 

3b  0 

57  8 

"Oa  '  1 V  Mini  mum 

11  8 

18  8 

23. b 

33.2 

43.3 

51, b 

58  0 

5b.  2 

4b. 5 

37  5 

25  5 

18  2 

35  4 

-Monthly 

20  8 

28.4 

33.8 

44  b 

54.8 

b4,0 

72.3 

70.3 

58  4 

48.3 

35.0 

27.1 

4b. 7 

Ex  tremes 

-RtfCord  Highest 

53 

fc8 

72 

78 

82 

8b 

105 

10b 

105 

103 

80 

77 

b8 

10b 

-Year 

1"353 

18bl 

188b 

1838 

183b 

1884 

1837 

18b1 

1883 

18b3 

1883 

1880 

JUL  1837 

-Record  Lowest 

53 

-30 

-38 

-18 

-5 

14 

32 

41 

40 

22 

2 

-22 

-32 

-38 

-rear 

1-337 

183b 

1851 

183b 

1854 

18b8 

1872 

1838 

1884 

1884 

1858 

1883 

FEB  193b 

NORMAL  DEGREE  DAYS: 

Heating  Ibase  65°n 

13b  7 

1025 

8b7 

bl2 

318 

1 1  1 

8 

27 

214 

487 

900 

1175 

7212 

Cool ing  Ibase  65°r 1 

0 

0 

0 

0 

0 

81 

235 

181 

4b 

0 

0 

0 

553 

X   or  POSSIBLE  SUNSHINE 

J8 

48 

53 

bl 

bl 

bl 

b4 

7b 

7b 

b8 

bl 

4b 

45 

bO 

MEANSKY  COVER  1  tenths  1 

Sunr  i  se   "  Sunse  t 

.^8 

7  1 

7  2 

7.2 

7  1 

bb 

5.8 

4  2 

4  3 

5  2 

5  7 

b  8 

b.8 

b  2 

MEAN  NUMBER  OF  DAYS: 

5unr ; se  to  Sunse  I 

-Clear 

48 

5  4 

3  3 

4  3 

4  4 

5  5 

7  0 

13  b 

13  7 

10  1 
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5  3 
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88  1 
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8  b 
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18 
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lb  8 
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53 
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Thunders  terms 
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28 
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58 
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48 
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bO 
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I  I  !  1  See  Reference  Notes  on  Page  bB . 
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APPENDIX  B 

SOSP  WASTE  MOBILITY  MODELING 
INPUT  FILES 
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